IMPORTANCE A sizeable minority of strokes occur in hospitalized patients. However, little is known about the presentation, care, and outcomes of stroke in this subgroup of patients.
I n-hospital stroke refers to stroke occurring in a patient hospitalized for another reason. It is estimated that this population represents between 4% and 17% of acute strokes, 1 although these events are likely under-recognized and under-reported. 2 Unlike most strokes occurring in the community, there is no delay between stroke onset and hospital arrival for this subgroup, and thus there is the potential for rapid diagnosis and treatment. However, factors such as recent surgery and acute medical illness in this population may limit the use of thrombolysis and other acute interventions and may adversely affect outcomes. Existing research in this area suggests that those with inhospital stroke may have delays in recognition and assessment of stroke symptoms, lower rates of use of thrombolysis, and a greater risk of death or disability compared with those with community-onset stroke. [3] [4] [5] [6] Consequently, these initial studies emphasized the need for increased awareness by hospital physicians of risk factors for in-hospital stroke and possible interventions to reduce these factors, including the need for strategies to streamline in-hospital acute stroke care. 4, 7, 8 In this study, we used data from the Ontario Stroke Registry (formerly known as the Registry of the Canadian Stroke Network) to evaluate the care and outcomes of patients with in-hospital and community-onset stroke at regional stroke centers in Ontario, Canada.
Methods

Data Sources and Study Setting
The Ontario Stroke Registry collects data on consecutive patients with stroke or transient ischemic attack seen in the emergency department or admitted to the hospital in Ontario, Canada, from July 1, 2003, onward. All patients seen at the 11 regional (comprehensive) stroke centers are included in the registry, and periodic audits are also performed at other acute care facilities across the province. The registry collects data on sociodemographic factors, medical conditions, stroke type and severity, in-hospital investigations, treatments, complications, and medications prescribed at discharge. Stroke severity is determined using the Canadian Neurological Scale, a validated tool that measures level of consciousness, orientation, speech, and motor function. 9 Functional status at discharge is measured using the modified Rankin Scale. 10 Medical record abstraction is performed by trained neurology research nurses, and validation by duplicate medical record abstraction has shown excellent agreement for key variables including age, sex, stroke type, use of thrombolysis, and stroke unit care. 11 The data collection software forces medical record abstraction personnel to perform complete data entry before the case record can be submitted for inclusion in the database, ensuring that there are no missing data. 
Study Sample
From the Ontario Stroke Registry database, we included all patients who presented to any of the 11 regional stroke centers with acute stroke or were diagnosed as having an in-hospital stroke between July 1, 2003, and March 31, 2012. We excluded those with transient ischemic attack, those without a valid health card number, and those younger than 18 years. For patients with more than 1 stroke event during the study period, only the first event was included in this analysis.
Outcomes
Our primary outcome was the time from stroke presentation (symptom recognition for those with in-hospital stroke and emergency department arrival for those with communityonset stroke) to the first neuroimaging procedure. Secondary outcomes were time from stroke presentation to thrombolysis, use of thrombolysis, stroke unit care, dysphagia screening, carotid imaging, medications for secondary stroke prevention, length of stay, modified Rankin Scale score at discharge, discharge destination, and mortality at 7 days, 30 days, and 1 year following stroke.
Statistical Analysis
We compared baseline characteristics and processes of stroke care for patients with in-hospital stroke and those with community-onset stroke using χ 2 tests for categorical variables and t tests and Kruskal-Wallis tests for the mean and median of continuous variables, respectively. In secondary analyses, we compared processes of care for patients who experienced in-hospital stroke by their location at the time of stroke, categorized as occurring during angiography, admission for cardiac surgery, other surgery, or a medical admission. We evaluated the association between in-hospital stroke and length of stay, modified Rankin Scale score at discharge, and mortality at 7 days, 30 days, and 1 year, using multiple logistic regression to adjust for age, sex, vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, previous stroke or transient ischemic attack, peripheral vascular disease, atrial fibrillation, and smoking status), other medical comorbidities (dementia, heart failure, cancer, cirrhosis, asthma or chronic obstructive pulmonary disease, renal dialysis, gastrointestinal bleeding, depression, and arthritis), stroke type (ischemic or hemorrhagic), and stroke severity (based on the Canadian Neurological Scale). All analyses were performed using SAS version 9.3 statistical software (SAS Institute, Inc).
Results
Our study sample included 29 810 patients, of whom 973 had in-hospital stroke and 28 837 had community-onset stroke.
In-hospital stroke occurred during angiography (15%) or during an admission for cardiac surgery (25%), for noncardiac surgery (22%), or to a medical service (32%); the patient location at the time of stroke was undetermined in 6% ( Table 1) . Those with in-hospital stroke compared with those with community-onset stroke were older (72% vs 67% aged >65 years) and more likely to have vascular risk factors and other comorbid conditions (32% vs 22% with diabetes mellitus; 69% vs 61% with hypertension; 46% vs 34% with hyperlipidemia; and 21% vs 16% with atrial fibrillation), to have an ischemic stroke as opposed to hemorrhagic stroke (89% vs 71%), and to have greater stroke severity (23% vs 16% with Canadian Neurological Scale score of 0-4) (P < .001 for all comparisons) ( Table 1 ). The 2 populations had similar rates of independent functional status before admission (Table 1) .
Patients with in-hospital stroke had significantly longer times from symptom recognition to neuroimaging than patients with community-onset stroke (median, 4.5 vs 1.2 hours; P < .001), with a significantly lower percentage of patients with in-hospital stroke undergoing brain imaging within 2 hours of symptom recognition (32% vs 63%; adjusted odds ratio [AOR] = 0.21; 95% CI, 0.18-0.24; P < .001). Patients with in-hospital stroke also had lower rates of thrombolysis (12% vs 19% of those with ischemic stroke; AOR = 0.54; 95% CI, 0.43-0.67; P < .001) and longer door-toneedle times for thrombolysis (median, 2.0 vs 1.2 hours; P < .001), and fewer of these patients received thrombolysis within 90 minutes of diagnosis compared with their counterparts who had community-onset stroke (29% vs 72%; P < .001) ( Table 2 ). These differences remained significant following adjustment for age, sex, comorbid conditions, stroke type, and severity ( Table 3) .
In cases for which thrombolysis was not administered, the stated reason was more often a contraindication to thrombolytic therapy (46% vs 9%) or a delay in decision making (2% vs 1%) and less commonly presentation outside the 4.5-hour treatment window (17% vs 62%) or determination that stroke-related deficits were too mild (10% vs 19%) in the in-hospital stroke population compared with the group with community-onset stroke (P < .001 for all comparisons) ( Table 2 ). Those with in-hospital stroke compared with those with community-onset stroke were less likely to be cared for on a stroke unit (28% vs 61%) and had lower rates of neuroimaging (98% vs 99%), carotid imaging (55% vs 65%), Holter monitoring (18% vs 30%), and swallowing assessment (56% vs 63%) (P < .001 for all comparisons) ( Table 2 ). Patients with in-hospital stroke also had a longer median length of stay than those with community-onset stroke (17 vs 8 days; P < .001) and were more likely to be dead or disabled at discharge, even after adjustment for sex, age, comorbid condi- tions, and stroke type and severity (modified Rankin Scale score of 3-6 in 77% vs 65%; AOR = 1.64; 95% CI, 1.38-1.96; P < .001) ( Table 2 and Table 3 ).
While unadjusted mortality was similar between the inhospital and community-onset stroke groups at 7 days following stroke (11% vs 10%; P = .77), mortality was higher in those with in-hospital stroke compared with community-onset stroke at 30 days (22% vs 18%; P < .001) and at 1 year (35% vs 27%; P < .001). However, following adjustment for age, sex, comorbid conditions, stroke type, and stroke severity, in-hospital stroke was associated with lower mortality at 7 days following stroke than community-onset stroke (AOR = 0.67; 95% CI, 0.53-0.85), and there were no differences in mortality rates between the 2 groups at 30 days (AOR = 0.89; 95% CI, 0.74-1.07) or at 1 year (AOR = 0.99; 95% CI, 0.85-1.16) ( Table 3) .
Among those alive at discharge, patients with in-hospital stroke were more likely to be prescribed medications for secondary stroke prevention than those with community-onset stroke (86% vs 75% for antithrombotic therapy and 81% vs 71% for antihypertensive therapy), were less likely to be discharged home (35% vs 44%; AOR = 0.76; 95% CI, 0.64-0.90), and were more likely to be discharged to rehabilitation facilities (40% vs 32%; AOR = 1.42; 95% CI, 1.22-1.66) (P < .001 for all comparisons) ( Table 2) .
Among patients with in-hospital stroke, there were differences in stroke care by event location, with those who had strokes during angiography having the shortest median time from stroke onset to neuroimaging (1.9 hours) and the highest use of thrombolysis (28%), those admitted to cardiac surgical services having the longest median time to neuroimaging (7.1 hours) and the lowest use of thrombolysis (3%), and those admitted to medical services having intermediate median time to neuroimaging (3.1 hours) and thrombolysis use (16%). A neurologist was the most responsible physician for 15% in the angiography group, none in the cardiac surgery group, 5% in the noncardiac surgery group, and 8% in the medical group. There were also differences in outcomes, with 60% dead or disabled at discharge in the angiography group compared with 75% in the cardiac surgery group, 84% in the noncardiac surgery group, and 83% in the medical group ( Table 4 ).
Discussion
We found that patients with in-hospital stroke had higher rates of comorbid illness, experienced more severe strokes, had a longer time from symptom recognition to initial neuroimaging, were less likely to receive thrombolysis, had greater disability after stroke, and had a longer hospital stay compared with their counterparts who had community-onset stroke. However, after adjustment for age, sex, comorbid conditions, and stroke severity, stroke case fatality among patients with in-hospital stroke was lower at 7 days and not significantly different at 30 days or 1 year after stroke than those with stroke onset in the community.
These findings are consistent with those from previous studies in the United States and elsewhere, which have documented delays in diagnosis and treatment of those with in-hospital stroke compared with community-onset stroke. [1] [2] [3] [4] [5] Because earlier diagnosis and treatment are associated with better outcomes after ischemic stroke, our findings suggest the need for interventions to improve the care of in-hospital stroke. 4, 7, 8, [12] [13] [14] [15] A 2003 article by Nolan et al 15 proposed a so-called code gray for the management of acute stroke. Akin to a code blue or a code STEMI (segment elevation myocardial infarction), this code gray would mandate the training of hospital staff to recognize admitted patients with acute stroke symptoms and to enact a standardized in-hospital stroke protocol to initiate treatment. In addition, a quality improvement initiative in one US hospital, which used a standardized approach to reduce wait times from stroke symptom recognition to arrival in the computed tomographic scanner, was associated with a 57% decrease in median inpatient alert-to-computed tomography time. 16 Importantly, we documented significant differences in the baseline characteristics of those with in-hospital vs community-onset stroke, with a greater prevalence of comorbid illness in the in-hospital stroke cohort, higher unadjusted shortand long-term mortality, and a large proportion of patients who were ineligible for thrombolysis because of medical or surgical contraindications, to a greater extent than that observed in other studies. 2, 5, 8 These findings suggest that those with inhospital stroke represent a distinct subgroup of patients with stroke who may require specific care pathways and whose outcomes may differ from those with community-onset stroke, regardless of the care received. Abbreviation: AOR, adjusted odds ratio. a Adjusted for age, sex, vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, previous stroke or transient ischemic attack, peripheral vascular disease, atrial fibrillation, and smoking status), other medical comorbidities (dementia, heart failure, cancer, cirrhosis, asthma or chronic obstructive pulmonary disease, renal dialysis, gastrointestinal bleeding, depression, and arthritis), stroke type (ischemic or hemorrhagic), and stroke severity (based on the Canadian Neurological Scale). b Modified Rankin Scale score of 3 to 6. Even within the in-hospital cohort, there were important differences among patients depending on their location at the time of stroke onset. Those who sustained strokes during angiography had more rapid brain imaging and were more likely to receive thrombolysis than patients admitted to medical or surgical services. Those admitted to surgical services, most of whom would have sustained strokes perioperatively, had the longest time to brain imaging and the lowest use of thrombolysis, as would be expected given the logistical challenges in obtaining imaging and the ineligibility for thrombolysis conferred by recent surgery.
We also found that patients with in-hospital stroke were less likely than those with community-onset stroke to be cared for on an acute stroke unit, possibly related to a need for specific medical or surgical services available on other wards. Only a minority of patients with in-hospital stroke were cared for by a neurologist, with the remainder receiving care from a cardiologist, general internist, family physician, cardiac surgeon, or other surgical specialist. Nonneurologist physicians may have less familiarity and training in stroke care, may be less apt to recognize stroke symptoms, and may require more time to familiarize themselves with appropriate care pathways should a stroke be identified. Whether the use of mobile stroke teams provides an alternative to address these issues for patients with stroke on nonneurology wards or whether transfer to a stroke unit is preferable requires further study.
Our study was strengthened by the inclusion of a large hospital-based sample of consecutive patients from all regional stroke centers in Ontario, thus eliminating the potential biases associated with the inclusion of only self-selected hospitals or an incomplete patient sample. In addition, in contrast to other studies, we had information on key prognostic variables such as stroke severity as well as information on important outcome measures such as functional status at discharge and long-term survival, with minimal missing data.
However, our study has some limitations that merit comment. Our data sources did not contain information on the reasons for delays in diagnosis or treatment, and thus we were unable to identify specific patient or institutional factors that may have contributed to variations in care in those with inhospital vs community-onset stroke. Although we had some information on the reason for the initial hospitalization in those with in-hospital stroke, we did not have information on specific medical and surgical diagnoses and cannot comment on whether these underlying conditions were associated with differences in care and outcomes. We also do not have access to information on long-term functional status or quality of life following stroke.
Conclusions
Our study confirms that patients with in-hospital stroke have more severe strokes, are less likely to receive timely investigations and treatment, and have worse outcomes compared with their counterparts with community-onset stroke, but it also documents important differences in baseline factors that may influence care and outcomes. These results add to the growing body of evidence in favor of the development of a standardized approach to the recognition and management of inhospital stroke. In particular, we advocate for the development of targeted code stroke protocols for the in-hospital stroke population, similar to those used in the emergency department. By providing frontline health care workers with a stepby-step algorithm for diagnosis and treatment in these patients, such protocols (particularly when paired with an educational intervention for physicians and nurses) might serve to address established inefficiencies along the care pathway including time to neuroimaging and time to thrombolysis, thereby facilitating rapid access to best-practice investigations and timely initiation of therapy, with a view toward improving outcomes in this high-needs group. 
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